Soil is considered to be the most diverse microbiological ecosystem on Earth.
Introduction
Soil is considered to be the most diverse microbiological ecosystem on Earth. Soil microbiota plays a key role in the ecosystem sustainability and stability. Soil microorganisms take part in different biogeochemical processes such as nitrogen and carbon cycling and they act also as mediator in several ecological processes such as bioremediation, pollution control, soil health and fertility (Paul 2007) . Soil microcosms present a broad microbial biodiversity closely related with abiotic factors (soil types, agriculture practices, temperature, pH, moisture, selective pressure factors -metals, biocides, antibiotics) and biotic factors (plant types, soil microbial communities, other relationships between soil inhabitants) (O'Brien 2002; Aminov 2011; Pal et al. 2015) . Approximatively 65% of total soil microorganisms are found in the top 25 cm of soil, with an abundance of Gram negative bacteria at the soil surface and Gram-positive bacteria residing in deeper layers (Paul 2007) . Microbial biodiversity and activity is higher on top of the soil due to the pores which influence the availability of water and energy sources. Usually, soil communities are attached to different soil constituents such as humic acids, clays, soil organic matter, due to their negative charge and also for protection (Paul 2007) . Understanding the multifunctionality of ecosystems represents a difficult task due to multiple and complex interactions between soil microbiota and environmental factors such as land use, different soil/crops types and climate changes ), but also due to competitive, pathogenic or mutualistic relationships between the involved organisms. Agricultural management practices have a great impact on soil microbiota due to the release of antibiotics, metals and other compounds like pesticides/biocides which act as selective pressure factors and contribute to the emergence, maintenance and spread of antimicrobial resistance in the environment (Hölzel et al. 2012; Bender et al. 2016) . Land use intensification, such as application of different pesticides/biocides, low plant diversity and intensive soil tillage, have been shown to have a negative impact on soil microorganisms. Soil mismanagement represents a worldwide topic that impairs natural ecosystem sustainability as a first consequence .
Ecological effects of antibiotics on natural ecosystems
Animal husbandry and intensive agriculture practices influence particularly the microbial soil biodiversity and also contribute to different environmental problems related with human health and the quality of life. Pharmaceuticals, especially antibiotics are intensively used in animal husbandry either as therapeutic agents or for prophylactic measures (Kummerer 2009a; Tasho & Cho 2016) . Land spreading of animal manure releases in the environment a large variety of antibiotics (A), antibiotic resistant bacteria (ARB) and a vast variety of antibiotic resistance genes (ARGs) into the environment (Bender et al. 2016) . Antibiotics of microbial, semi-synthetic or synthetic origin impact the metabolism of bacteria: at subinhibitory concentrations they act as hermetic intercellular messengers stimulating gene expression (Davies et al. 2006 ). Higher amounts have bacteriostatic or bactericidal effects according to their mode of action. Both result in a profound modulation of bacterial community structure and biodiversity by boosting genotypic and phenotypic variability and induction of antibiotic resistance (Gothwal & Sashidhar 2014) . The origin of antibiotics in natural environments such as soil or water is related especially with their fate: firstly, urban wastewater treatment plants (UWWTPs) are considered to be one of the most important hot-spots of the dissemination of A, ARB and ARGs (Rizzo et al. 2013 ) -a large part of antibiotics that are consumed by humans are excreted in urine and faeces and thus enter UWWTPs. Reclaimed water (WWTP effluent) is used in many countries for irrigation purposes and thus A, ARB and ARGs present in this matrix are introduced into soil habitants because wastewater treatment processes only inefficiently remove these substances (Durso & Cook 2014) . Also, ground and surface waters (which could receive drainage water from contaminated soils) used for animals or for irrigation are important sources of ARB and ARGs. Another way is represented by land application of sludge/biosolids that originate from UWWTPs. It is estimated that in Europe, 37% of biosolids are land applied (Kinney et al. 2008) . Secondly, another important source of antibiotics is animal husbandry. Antibiotics which are used either as therapeutic agents or for prophylactic measures are excreted in urine and faeces and subsequently used as natural fertilizers and are deposited in agricultural soils. Manure management plays a key role in assessing the risks of soil contamination with ARB and ARGs and thus the faeces that come from swine farms are continuously monitored (Haley et al. 2012) . Also, grazing animals could contribute to the spread of antibiotic resistance in soil. From soil the A, ARB and ARGs get into the fresh water (groundwater, surface water, like streams, rivers, sea) or in different crops/vegetables and thus could adversely impact human health .
Antibiotics persistence and antibiotics resistance in agricultural ecosystems
The negative effects of antibiotics in natural environments such as soil could be divided in two important directions: on the one hand, they act on the development of antimicrobial resistance and/or on the other hand they alter the natural ecological functions of soil. The most frequent antibiotics found in animal faces are represented by oxytetracycline, doxycyclin and sulfadiazine, followed by tetracycline, tylosin and lincomycin (Berendsen et al. 2015) . In contrast, the antibiotics found in sludge are norfloxacin, ofloxacin, ciprofloxacin, trimethoprim, sulfamethoxazole and doxycycline (McClellan & Halden 2010; Clarke & Smith 2011) . Studies have shown that different residual antibiotics are frequently detected in activated sludge, urban biosolids (Zhang & Li 2011) , animal manure, sewage sludge, sediments (Kemper 2008; Yang et al. 2010b) , wastewater, reclaimed water, surface water or groundwater (Renew & Huang 2004; Gulkowska et al. 2007 ). The persistence of antibiotics in soil microcosms is influenced mainly by temperature (Gavalchin & Katz 1994; Winckler & Grafe 2001) , soil type (Marengo et al. 1997) , pH (Gilbertson et al. 1990 ), adsorption affinity (Tolls 2001; Boxall et al. 2004) , photodegradation (Kummerer 2009a , Knapp et al. 2005 , biodegradation (Li & Zhang 2010) , oxidation (Adams et al. 2002) . Also, the excretion rate (Jjemba 2002; Zuccato et al. 2001 ) and the half-life of the antibiotics (Gavalchin & Katz 1994; Weerasinghe & Towner 1997 ) play a key role in the persistence of these antimicrobials in agricultural ecosystems. The adsorption of the antibiotics in soil environments is influenced by soil pH (Basakcilardan-Kabakci et al. 2007 ) and soil clay content (Cermak et al. 2008 ). Different antibiotic classes have different adsorption properties in soil environments (Wang & Wang 2015) . The evolution of antimicrobial resistance is related to both long term exposure to low doses as well as short term exposure to high doses of antibiotics, genetic variation and horizontal transfer of antibiotic resistance genes (HGT) (Martinez 2009; Tasho & Cho 2016) . The dissemination of ARGs in the natural environments is related with horizontal gene transfer (Williams-Nguyen et al. 2016; von Wintersdorff et al. 2016) . Antimicrobial resistance acquired due to horizontal gene transfer can occur through different mechanisms such as conjugation (cell-to-cell contact), transduction (HGT mediated by phages), and transformation (uptake of extracellular DNA) (WilliamsNguyen et al. 2016) . Soil microcosms offer good conditions for HGT due to the great microbial diversity, high cell densities, the persistence of extracellular DNA and also by the presence of different ARGs located on mobile genetic elements (Levy-Booth et al. 2007; Pietramellara et al. 2009 ). The pesticides/biocides that are used in agriculture purposes act as selective pressure factors for the selection of antibiotic resistance (European Commission 2009; Webber et al. 2015; Buffet-Bataillon et al. 2016) . In Europe, the use of biocides in veterinary settings has intensely increased between 1992 and 2007 by 40% (Sattar et al. 2007) . Nowadays, both the use of antimicrobials as well as biocides in veterinary purposes is strictly regulated by different guidelines (Guidelines 2015/C 299/04; Regulation 528/2012). Different antibiotic resistance mechanisms are common for pesticides/biocides and antibiotics; thus, they allow the acquisition of antibiotics resistance genes which enable higher tolerance for different bacteria strains (Russell 2003) . The fate and the development of antibiotic resistance in agricultural soils due to the intensive use of the veterinary antibiotics as therapy, disease prevention and control, and growth promotion (National Committee for Clinically Laboratory Standards 2002) have been reviewed previously by different researchers (Jechalke et al. 2014 (Jechalke et al. , 2015 Kummerer 2009a Kummerer , 2009b Landers et al. 2012; Du & Liu 2012; Ashbolt et al. 2013) . The researchers highlight the importance of antibiotic usage in subinhibitory concentrations (veterinary purposes) and how the applied manure affects the signaling and maintenance of regulatory networks of soil bacteria communities. Also, it is important to take into account the selective pressure which could act on the environment resistome and also to identify and describe the rates of HGT in environmental hot-spots. In order to minimize antibiotic resistance, the European Union has banned the use of antibiotics as growth promoters since January 1 st 2006 (Kemper 2008; Grenni 2017; Regulation 1831 /2003 .
The effects of antibiotics present in soil on human health
World Health Organization (WHO) classified the drugs for animal use (antibiotics) in three important categories: critical drugs, highly important drugs and important drugs (WHO Critically important antimicrobials for human medicine. 5 th revision 2016). Most of the critical drugs are used frequently in cattle, swine and poultry farms. Not only is the type of the antibiotic important in human health risk assessment, but also the spectrum, mode of action and concentration. For each antibiotic, there could be not only one gene that encode it, but several genes that code for resistance, so it is also important to know how many genes are involved in resistance and monitor all of them (Ibekwe et al. 2011; Durso et al. 2011; Frye et al. 2011) . WHO presents the implications of antibiotic resistance for human health as being a serious problem -"associated with more frequent and longer hospitalisation, longer illness, a higher risk of invasive infection and a twofold increase in the risk of death ..." (WHO, Tackling antibiotic resistance from a food safety perspective in Europe, 2011). In order to diminish the usage of antibiotics, it is necessary to implement specific conditions such as publish clear policies for the use of antibiotics (especially for prophylactic measures), actively measure usage levels of antibiotics (especially for critical drugs) and report different situations of antimicrobial resistance (data bases). In order to evaluate the benefits and risks of the presence of antibiotics in agroecosystems, especially because the dissemination of antimicrobial resistance in soil could affect human health through the food chain, soil, water, insects, dust and animals (Phillips et al. 2004; Landers et al. 2012) , it is necessary to improve our understanding of the ecology and evolution of antibiotic resistance and its relationship with indigenous environmental bacteria, ARG and HGT (Święciło & Zych-Wężyk 2013; D`Costa et al. 2007 ).
Conclusions and future perspectives
This paper describes the complexity and diversity of the antibiotic resistance in natural ecosystems (influenced by biotic and abiotic factors) and how soil mismanagement practices could act as mediators in the increase of environmental levels of antimicrobials. The available data on the dynamics of ARB and ARGs in soil environments in response to the misuse of antibiotics from anthropogenic resources and to the increasing application of certain pesticides which affect bacterial population structure highlight how little we know regarding the impact of these compounds on soil microbial communities. Additional research focusing on the ecological impact of pharmaceuticals and pesticides used in agriculture or animal husbandry on natural environments like soil and water is necessary and will provide new insights for a better understanding of agricultural management practices and the interactions between antimicrobials and resistance towards them. Foodborne Pathogens and Disease, vol. 8, no.6, 
